ABSTRACT: This study investigated how eighth-grade students perceived images of women in STEM and non-STEM careers. Thirty-six images were posted on-line; we measured five characteristics of each image. Forty students participated in the study. We found that there were significant differences in attractiveness, creativity, and intelligence between STEM and non-STEM images. There were no significant differences for good at her job and organization. In addition, there were no significant differences among STEM and non-STEM images of women of the same race.
Introduction
Efforts to increase the number of white women, African-American men and women, and Hispanic men and women entering careers in STEM (science, technology, engineering, and mathematics) fields have stalled in the United States after initial success. Instead, white males and Asians continue to obtain careers in the high paying STEM fields while most women and other minorities earn the lower wages associated with professions in the arts, humanities, social sciences, and education. STEM careers usually require high levels of proficiency in mathematics and the sciences prior to college enrollment. Students entering college with only basic science backgrounds and algebraic skills are unlikely to become engineering, science, or computer majors, due to the fact that calculus, physics, and chemistry are foundational courses. Accordingly, the decisions made by middle school students whether to take pre-algebra or basic mathematics may determine if they will ever have the opportunity to enter the STEM fields.
While considering these assumptions, we have conducted two studies in a university community in the American South. Our first study (Oppenheimer et al., 2008 ) was conducted at a majority AfricanAmerican public school among eighth graders to learn what the students' perceptions were of women and African-Americans in STEM fields [1] . In this paper we describe a second study of eighth graders at a majority white private school in the same community. Our research should help us design better interventions to encourage girls and minority students to enter STEM career fields.
Literature review
Mary Ellen Smyth, past president of the AAUW Educational Foundation, has identified why many girls do not consider careers in STEM fields. "The good news is that women have made great strides in education and the work force. The bad news is that the new high-tech economy is leaving women behind." Smyth said, "It's not that women are hitting a glass ceiling in the high-tech sector. It's that they don't have the keys to open the door." [2] The AAUW received its fourth grant to study STEM issues. "Our report will sound the alarm," said AAUW Executive Director Linda D. Hallman. "As a nation, we can't afford to take baby steps toward achieving parity, especially when we're facing a shortage of professionals in the STEM fields. How can we stay competitive in the global economy when half of our population isn't fully engaged in those areas?" [3] According to the National Science Foundation (NSF), women earned 57.6% of bachelor degrees between 2002 and 2004. However, women earned less than 40% of the degrees in STEM fields. [4] Similarly, an NSF priority is to increase the number of minorities entering STEM fields. AfricanAmericans, Latinos, and Native Americans receive 30% of undergraduate degrees in the U.S., but only 12% of engineering degrees are earned by these minority groups, reports Nagel. Nagel cites a report from the National Action Council for Minorities in Engineering that indicates the percentage for AfricanAmericans declined from 3.3% to 2.5% between 1995 and 2005 [5] .
Eccles, who has conducted studies of STEM trends, reports the number of women enrolled in engineering programs increased from 3% in the 1970s to 18% in the 1990s. [6] According to AAUW numbers, the percentage of women in engineering/architecture is 14%, computer science 26%, and research, science, and technology 38%. Women compose 71% of the work force in education and 67% in clerical support. According to U.S. Census data compiled in 2005, the proportion of women in mechanical engineering is 5.8%, civil engineering is 13.2%, and industrial engineering is 14.9%. [7] . The New York Times reported that the percentage of women in computer science has dropped from 28% to 22% between 2001 and 2004 [8] .
"Gender role socialization and commonly held stereotypes about gender differences in 'natural talents' for various subject areas are likely to lead females and males to have different estimates of their own personal efficacies for physical science and engineering," explains Eccles. Careers that emphasize "people and social interactions" are considered more appropriate for females; careers requiring physical activities or abstractions are culturally assigned to males in America. Accordingly, "gender role socialization is likely to lead to gender differences" in careers selected by men and women, continues Eccles. Furthermore, she says women do not consider the full range of career possibilities. Instead, American women enter traditional fields, such as teaching, nursing, and clerical work. Even when women go into the STEM fields, they continue to pick care giving careers, such as primary care medicine, pharmacy, and psychology [9] .
The purpose of our study is to measure stereotypes held by eighth graders about women in STEM and non-STEM careers.
H1. There will be a difference in how eighth graders will rate images of women in non-STEM careers than how they will rate women in STEM careers. The research conducted by Smyth and Eccles predicts that eighth graders should have positive views of women in non-STEM fields and negative views of women in STEM fields. If these results occur, it would help explain the cultural perspectives leading to the results found by the AAUW and NSF.
H2. There will be a difference in how eighth graders will rate images of African-American women in non-STEM careers than how they will rate African-American women in STEM careers. The report by the National Action Council for Minorities in Engineering predicts that participants in the survey would have negative attitudes towards African-Americans in STEM careers, but would have more positive views of African-Americans in non-STEM careers.
H3. There will be a difference in how eighth graders will rate images of white women in non-STEM careers than how they will rate white women in STEM careers.
Method

Sample
We obtained permission from the governance board of a private academy in a university community in the American South to run the study among all eighth graders at the school. Consent forms were sent home to parents and forty white students returned the forms and participated in this study. Males composed 45% of the study group and females, 55%.
Procedure
We posted the survey on SurveyMonkey.com. Students accessed the survey from a school lab, and were placed in two different groups. One group (19) took the STEM survey and the other group (21) took the non-STEM survey to balance the numbers. The STEM survey was composed of 36 images, each labeled with a job title associated with a career in a STEM field. The non-STEM survey was exactly the same, except the job titles were associated with careers in non-STEM fields. Respondents were asked to rate the images based on their perceptions by answering five questions per image.
Measurement
STEM/Non-STEM Images. Most of the women who agreed to be photographed for our study were students at two universities in nearby communities in the American South. Our photographs included women who placed themselves in three body image categories (dress size < 8, 8-14, > 14) and in three age categories (< 25, 25-35, > 35). One-half of the women were African-American and one-half were white. The survey included pictures of women in each group. Each woman was photographed in street clothing from a neutral camera position. All images were 150 pixels wide on the survey.
Perception of STEM/Non-STEM Image. Our study asked the participants to answer five questions about each image. Our survey used five questions from a previous STEM study (Oppenheimer et al, 2008) . The five questions were: (a) Would you expect this person to be good at her job? (five-point semantic differential Likert-type scale ranging from not very good to very good); (b) Would you expect this person to be organized? (not very organized to very organized); (c) How would you rate this person's intelligence? (not very intelligent to very intelligent); (d) Do you find this person attractive? (not very attractive to very attractive); (e) Would you expect this person to be creative? (not very creative to very creative).
Results
H1. A difference in STEM/non-STEM images.
Hypothesis one suggested there would be a difference in how participants perceived images of women in non-STEM and STEM careers. We conducted an independent t-test to confirm our hypothesis. Alpha = .01. There was a significant difference in intelligence between STEM and non-STEM images (M = 4.40 vs. 4.10, p < .001). For attractiveness, there was a significant difference between STEM and non-STEM images (M = 2.23 vs. 2.44, p < .01). There was also a significant difference in creativity between STEM and non-STEM images (M = 3.88 vs. 3.42, p < .001). However, hypothesis one was not confirmed for organization (M = 4.05 vs. 3.16, p = .24) and being good at her job (M = 4.14 vs. 4.16, p = .82).
H2. A difference in African-American women in non-STEM careers and STEM careers. Hypothesis two
suggested there would be a difference in how participants perceived African-American women in non-STEM and STEM careers. We conducted an independent t-test to confirm our hypothesis. Alpha = .01. This hypothesis was rejected for intelligence, attractiveness, creativity, organization, and being good at her job. There was no significance in how the participants rated African-American images of women, regardless of the career. This hypothesis was refuted. See 
H3. A difference in how eighth graders will rate images of white women in non-STEM careers than how
they rate white women in STEM careers. Hypothesis three argues there will be a difference in how participants perceive white women in non-STEM and STEM careers. We conducted an independent t-test to confirm this hypothesis. Alpha = .01. This hypothesis was rejected for intelligence, attractiveness, creativity, organization, and being good at her job. There was no significant difference in how the participants rated images of white women, regardless of the career. This hypothesis was rejected (see Table 2 . Mean difference in white women's images in non-STEM careers and STEM careers.
Discussion
In this study of a private school in a university community in the American South, the students were all white; in our previous study of a public school in the same town, a majority of students were AfricanAmerican. We have little difference in results between the two populations. Since all the participants in the two studies were raised in the same community, the lack of difference between the two populations indicates that African-American children did not consider the images of women differently than white students in terms of STEM stereotypes. We did determine students at the private school found images of white women consistently more attractive than images of African-American women. The private school students rated the white women more attractive than the African-American women in 30 of 36 images. In our analysis, the results from H1 indicate a somewhat complex picture of how these participants viewed women in STEM and non-STEM careers. The students found the images of women in STEM career fields to be significantly more intelligent, significantly more creative, and significantly less attractive than images of women in non-STEM career fields. These results suggest that the participants accepted a stereotypical view of women in STEM careers vs. non-STEM careers. To the degree that the students accept the STEM stereotypes, we would expect the males at the private academy to consider STEM careers (science, technology, engineering, and mathematics), while females would pursue careers in non-STEM fields (education, social sciences, art, and humanities). These results suggest intervention strategies targeted to students before eighth grade could impact high school course selections significantly. The time to convince underrepresented populations that STEM careers are open to them is before eighth grade. One limitation of this study is that we were not able to obtain validity because students had only a limited time to take the survey; accordingly, we had to limit the number of questions to five and the number of images to 36. Also, our population size was small and the race of the sample was homogenous. In the future, we will administer the same survey to university students to see if they maintain the same stereotypes found among the eighth graders.
Conclusion
Women and minorities have been underrepresented in the STEM fields. Even though we may encourage our daughters to become doctors and scientists, by the time they graduate from high school they have made up their minds to stay clear of the fields that they perceive as less feminine, which includes STEM fields. Even though we claim that minority youth can be anything they want to be, by the time they graduate, minorities see the STEM fields as a club that is not open to them. If we could find an age where intervention strategies would be most effective, perhaps we could change the perception of STEM fields to make them more acceptable to young women and minorities. So, for this study, our research group focused on the perceptions of eighth graders. During this study, we desired to grasp an understanding about how eighth graders initially perceived the images of white women and black women as related to STEM careers and non-STEM careers.
It is imperative that all youth, regardless of their gender, race, or nationality, be exposed to educational opportunities and encouraged to pursue career paths that will prepare them to make use of their abilities.
The theory for our study followed the premises that, to significantly impact a student's behavior patterns, intervention strategies must be implemented prior to the eighth grade.
In many ways, this theory presented itself as a reasonable assumption because most students remain impressionable and receptive to the influence of authoritative figures such as parents, grandparents, teachers, ministers, law enforcement personnel, and other positive examples of community leadership. Furthermore, an age period prior to the eighth grade may provide an occasion where students have not been contaminated by the negative influence of their peers or society to prevent them from enrolling into pre-algebra and other advanced mathematics and science courses that will better prepare them for a STEM field career.
Our results indicate that our study sample was beginning to think in stereotypical patterns. Accordingly, intervention strategies that targeted students before eighth grade could impact high school course selections significantly. The time to convince underrepresented populations that STEM careers are open to them is before eighth grade.
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